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ABSTRACT
For sufficiently wide orbital separations a, the two members of a stellar binary evolve independently.
This implies that in a wide double white dwarf (DWD), the more massive WD should always be
produced first, when its more massive progenitor ends its main-sequence life, and should therefore
be older and cooler than its companion. The bound, wide DWD HS 2220+2146 (a ≈ 500 AU) does
not conform to this picture: the more massive WD is the younger, hotter of the pair. We show
that this discrepancy is unlikely to be due to past mass-transfer phases or to the presence of an
unresolved companion. Instead, we propose that HS 2220+2146 formed through a new wide DWD
evolutionary channel involving the merger of the inner binary in a hierarchical triple system. The
resulting blue straggler and its wide companion then evolved independently, forming the WD pair seen
today. Although we cannot rule out other scenarios, the most likely formation channel has the inner
binary merging while both stars are still on the main sequence. This provides us with the tantalizing
possibility that Kozai-Lidov oscillations may have played a role in the inner binary’s merger. Gaiamay
uncover hundreds more wide DWDs, leading to the identification of other systems like HS 2220+2146.
There are already indications that other WD systems may have been formed through different, but
related, hierarchical triple evolutionary scenarios. Characterizing these populations may allow for
thorough testing of the efficiency with which KL oscillations induce stellar mergers.
Subject headings: binaries, blue stragglers, white dwarfs
1. INTRODUCTION
While roughly half of all Galactic field stars have at
least one stellar companion, these companions usually
have little to no impact on their evolution: the separa-
tions between the stars are generally too great for them
to interact. Dhital et al. (2015) recently used the Sloan
Digital Sky Survey (SDSS; York et al. 2000) to iden-
tify 105 binaries whose projected physical separations
peaks at >104 AU. For M . 8 M, stars in such widely
separated binaries never interact, independently evolving
through the main sequence (MS) and giant branches and
becoming white dwarfs (WDs).
Wide double WDs (DWDs), the evolutionary end-
points of these wide binaries, were first identified in cat-
alogs of nearby stars as a subset of the common proper
motion pairs (Sanduleak & Pesch 1982; Greenstein 1986;
Sion et al. 1991). As they are difficult to find, the num-
ber of wide DWDs has historically remained small, but
recently Andrews et al. (2015) expanded the number of
candidate and confirmed wide DWDs to 142. This sam-
ple includes two spectroscopically confirmed triple de-
generate systems, Sanduleak A/B (Maxted et al. 2000)
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and G 21-15 (Farihi et al. 2005). These systems are com-
posed of an unresolved pair of WDs with another, widely
separated, WD companion. Reipurth & Mikkola (2012)
argued that such hierarchical systems may be the natural
evolutionary endpoint of MS triple systems: the inner bi-
nary tightens while the outer companion’s orbit expands.
Hierarchical triples with a sufficiently large mutual
inclination angle are subject to dynamical instability
known as Kozai-Lidov (KL) oscillations: the outer star
in a hierarchical triple perturbs the inner binary, leading
to large oscillations in the inner binary’s eccentricity and
in the relative inclination of the two orbital planes (Kozai
1962; Lidov 1962). Harrington (1968) first pointed out
that these large-amplitude eccentricity oscillations would
lead to a decreased periastron separation of the inner bi-
nary, possibly causing tidal interactions, mass exchanges,
or even stellar mergers. These ideas have since been ap-
plied to the orbital distribution of triple stellar systems
and of hot Jupiters (Mazeh & Shaham 1979; Kiseleva
et al. 1998; Eggleton & Kiseleva-Eggleton 2001; Eggleton
& Kisseleva-Eggleton 2006; Fabrycky & Tremaine 2007;
Naoz et al. 2011, 2012).
In stellar triples, when tidal forces and magnetic brak-
ing are included (Perets & Fabrycky 2009), or the KL
equations are expanded to the octupole order (Naoz &
Fabrycky 2014), some of the inner binaries merge, form-
ing blue stragglers with a wide companion. Usually
observed in stellar clusters as MS stars that are bluer
and more luminous than the MS turn-off (Sandage 1953;
Johnson & Sandage 1955; Ferraro et al. 1999), blue strag-
glers are formed when either accretion from, or a merger
with, a companion provides fresh fuel to a star extending
its lifetime (McCrea 1964; Hills & Day 1976). If the com-
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ponent stars are massive enough to evolve off the MS in
a Hubble time, a blue straggler binary formed from the
merger of the inner binary in a hierarchical triple will
ultimately form a DWD.
Andrews et al. (2015) identified HS 2220+2146 (here-
after HS 2220) as an unusual DWD system. TheWDs are
6.′′2 apart, which at the spectroscopic distance of 76 pc
corresponds to a projected physical separation of 470 AU.
This suggests that these two coeval WDs evolved sepa-
rately. However, spectra obtained with the Ultraviolet
and Visual Echelle Spectrograph (UVES) on the Very
Large Telescope (VLT) indicated that the more massive
WD in this system has a younger cooling age (τcool) than
its less massive companion. In an independently evolv-
ing binary, the initially more massive star should evolve
into a more massive WD before its companion. Since
the more massive WD is apparently the younger in this
DWD, HS 2220 cannot be explained through standard
binary evolution.
We show that the properties of HS 2220 are consistent
with an evolutionary history in which the inner binary
in a hierarchical triple merged to form a blue straggler,
which then evolved into a WD. If this scenario is cor-
rect, HS 2220 would be the first DWD known to have
formed through this evolutionary channel, and confirma-
tion that hierarchical triple systems can indeed lead to
stellar mergers.
In Section 2, we use spectroscopy and gravitational
redshift measurements to demonstrate that the hotter
WD in HS 2220 is indeed the more massive WD. In Sec-
tion 3, we show that these two WDs are far enough apart
that they evolved independently. We describe possible
formation scenarios for the DWD in Section 4, and in-
clude a discussion of how KL oscillations might be re-
sponsible for the formation of the more massive WD via
merging of an inner binary. We put HS 2220 in the
greater context of triple systems and conclude in Sec-
tion 5.
2. OBSERVATIONS AND SYSTEM CHARACTERISTICS
Baxter et al. (2014) first identified the two WDs in HS
2220 as an associated pair. Using the astrometry from
SDSS Data Release 7 (Abazajian et al. 2009), these au-
thors showed that the two WDs have a relatively small
separation, matching proper motions, and similar dis-
tance moduli, and are therefore a likely wide binary. We
recovered this system in Andrews et al. (2015) as part of
our search for wide DWDs in SDSS DR9.
2.1. Spectroscopy and Derived Values
Two spectra of each WD in the system were taken as
part of the Supernova Progenitor surveY (SPY; Koester
et al. 2009) on 2002 Sep 25 and 26 with UVES on the
VLT. Based on the Koester et al. (2009) fits to these
R ≈ 14, 000 spectra, Baxter et al. (2014) argued that
when observational uncertainties are taken into account,
the two WDs are consistent with having been born at
the same time and evolving independently.7
Baxter et al. (2014) also obtained low-resolution (R ≈
1000) spectra of the WDs on 2009 Jul 20 and 25 using
the B600 grating with the Multi-Object Spectrograph on
7 Baxter et al. (2014) increase the uncertainties on the original
SPY survey fits for log g from 0.01 to 0.07.
HS 2220+2146A HS 2220+2146B
Fig. 1.— Model fits (red lines) to the observed Balmer line pro-
files (black lines) of HS 2220A and B. These R ≈ 14, 000 spectra
were obtained using UVES on the VLT; they are boxcar averaged
with a width of 20 elements. The fitted Teff and log g values and
the corresponding MWD and τcool are given in Table 1.
Gemini-North (GMOS). We provide their spectroscopic
fits in Table 1. Interestingly, the fits to these spectra in-
dicate that the WD with the higher log g (hereafter HS
2220B) also has a larger Teff than its companion (here-
after HS 2220A).
We re-analyzed the UVES and archival GMOS spec-
tra (Program ID:GN-2009B-Q-80, PI: Dobbie) in order
to derive our own values for Teff and log g in a con-
sistent manner.8 Details of the UVES data reduction
can be found in Koester et al. (2009). We reduced the
GMOS data using standard reduction techniques with
the PyRAF gemini package.9
We show the Balmer absorption lines from a UVES
spectrum for each WD in Figure 1, along with fits to
spectral model using the technique originally developed
in Bergeron et al. (1992) and described in detail in Gi-
anninas et al. (2011, and references therein). These
solutions are based on one-dimensional models using a
mixing length parameter ML2/α = 0.8 (Tremblay et al.
2010, 2011). The best fit Teff and log g values from our
fits to both sets of spectra are given in Table 1. These
spectra are an important consistency check, as they were
taken with different instruments and different spectral
resolutions, and yet return values for Teff and log g that
are in close agreement.
Our fits to the UVES spectra indicate a difference
8 Based on observations obtained at the Gemini Observatory ac-
quired through the Gemini Science Archive, which is operated by
the Association of Universities for Research in Astronomy, Inc., un-
der a cooperative agreement with the NSF on behalf of the Gemini
partnership: the National Science Foundation (United States), the
National Research Council (Canada), CONICYT (Chile), the Aus-
tralian Research Council (Australia), Ministério da Ciência, Tec-
nologia e Inovação (Brazil) and Ministerio de Ciencia, Tecnología
e Innovación Productiva (Argentina).
9 PyRAF is a product of the Space Telescope Science Institute,
which is operated by AURA for NASA.
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TABLE 1
Spectroscopic Fits
Data from UVES/VLTa Data from GMOS/Gemini-Northb
Our Fits Koester et al. (2009) Koester Updatedc Our Fits Baxter et al. (2014)
fits fits
HS 2220+2146A
log g 8.151±0.036 8.080±0.012 8.213±0.006 8.163±0.052 8.07 ±0.07
Teff 14270±274 14601±32 14434±58 14274±434 13950±321
HS 2220+2146B
log g 8.353±0.035 8.241±0.008 8.283±0.005 8.386±0.044 8.37 ±0.07
Teff 18833±218 18743±44 18305±29 19469±284 19020±438
Note. — A comparison of the the various spectral fits to the WDs in HS 2220 obtained with UVES/VLT and
GMOS/Gemini-North spectra. All spectra show that HS 2220B has a larger log g and Teff . We use our fits to the
VLT spectra throughout the remainder of this work.
a Reported values are weighted averages of fits to the two spectra of each WD obtained as part of the SPY survey
(Koester et al. 2009).
b Reported values are weighted averages of fits to the three spectra of each WD obtained by Baxter et al. (2014).
c We refit the VLT spectra using updated versions of the models used in the original fits of Koester et al. (2009).
in log g of 0.202±0.050 (where the uncertainty is the
quadrature sum of the individual uncertainties) between
HS 2220A and HS 2220B, a greater than 4-σ difference.
For a coeval DWD whose progenitors never interacted,
the WD with the larger log g (and therefore largerMWD)
should have the smaller Teff (and therefore larger τcool),
since the initially more massive star should have evolved
into a more massive WD first. Our fits to the UVES
spectra indicate that for HS 2220, the opposite is true:
the less massive WD was born first. Yet, even if both
WDs’ log g are identical, a discrepancy in the system
lifetime remains since it takes a WD of this mass > 108
yr to cool from 18,000 K to 14,000 K.
Why are our conclusions about these two WDs differ-
ent from those of Baxter et al. (2014)? One answer may
lie in the spectral models, which have been modified since
Koester et al. (2009) fit the SPY spectra. In particular,
Tremblay & Bergeron (2009) improved Stark-broadening
calculations and included some non-ideal effects in the
spectral models. In addition, the numerical fitting tech-
niques employed differ (for a discussion of these differ-
ences, see Gianninas et al. 2011; Koester et al. 2014).
Using up-to-date WD spectral models, we fit the UVES
spectra applying the two codes and provide both sets of
spectral values in Table 1. This table shows that, al-
though there are differences between the exact spectral
values for each WD, all robustly show that HS 2220B has
a larger log g and higher Teff than its companion. We
interpolate between the mass-radius tables from Wood
(1995) to obtain WD mass (MWD) and cooling age (τcool)
measurements from the log g and Teff . Hereafter we use
the derivedMWD and τcool measurements from the Berg-
eron spectral fits applied to the VLT spectra (bold quan-
tities in Table 1).
2.2. Could Either WD Have a Hidden Companion?
This conundrum could be explained by one of the WDs
being in a close binary with another, unresolved star,
since mass transfer could have affected both MWD and
τcool. Only a late-type dwarf or brown dwarf could escape
detection in the VLT spectra. In Figure 2, we compare
the calculated spectral energy distribution (SED) derived
TABLE 2
WD Characteristics
HS 2220+2146A HS 2220+2146B
α 22:23:01.74 22:23:01.64
δ +22:01:25.0 +22:01:31.0
SDSS g 16.00 15.59
MWD (M) 0.702±0.022 0.837±0.022
τcool (Myr) 289±22 179±14
vradiala (km s−1) 37±6 56±5
vgravb (km s−1) 38±2 53±3
MZAMSc (M) 3.3+0.3−0.2 4.5
+0.4
−0.5
τstellard (Myr) 360+90−80 150
+60
−30
System Characteristics
θ (′′) 6.2
Distance (pc) 76±2
Separation (AU) 470
Note. — MWD and τcool for each WD are obtained
from our fits to VLT spectra; see Table 1.
a RVs are averages measured from our FLWO spectra (see
Figure 3). The quoted uncertainties represent random
errors. There is an additional systemic uncertainty of
≈10 km s−1.
b Gravitational redshifts are obtained from interpolations
of the WD models of Wood (1995).
c To obtain the initial stellar masses, we use the me-
dianMZAMS from the posterior samples of Andrews et al.
(2015) using the listed MWD.
d We use MESA to obtain stellar lifetimes from MZAMS.
from the best fit spectral value to SDSS, Two Micron All-
Sky Survey (2MASS; Skrutskie et al. 2006), and Wide-
field Infrared Survey Explorer (WISE; Wright et al. 2010)
photometry. WISE cannot resolve the DWD pair, and
the W1 and W2 measurements shown in Figure 2 are
therefore the combined emission from both WDs. The
lack of any excess in either the 2MASS H and K bands
(upper limits) and the WISE W1 and W2 bands elimi-
nates the possibility of a late-type stellar companion to,
or dust disk around, either WD.
The putative hidden companion could be another WD,
making the system a hierarchical triple WD. There are
two known such systems, G 21-15 (Farihi et al. 2005)
4 Andrews et al.
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Fig. 2.— Using the Teff values from our spectral fits, we com-
pare the SED of HS 2220A (top panel) and B (bottom panel) with
SDSS, 2MASS, and WISE photometry, normalized to the SDSS i
band. 2MASS H and K photometry only provides upper limits.
WISE cannot resolve the two WDs, and the W1 and W2 pho-
tometry (triangles) is for the combined DWD system. The WISE
measurements, in particular, match the predicted flux from the
model WD SED, precluding the existence of a hidden late-type
stellar companion. In the inset figures, we zoom in on the visible
window (SDSS ugri) of the SED (here we plot Fλ, not log Fλ).
and Sanduleak A/B (Maxted et al. 2000).10 The spec-
trum of the unresolved DWD in both G 21-15 and Sand-
uleak A/B is dominated by the more luminous low-mass
WD. The inverse mass-radius relation of WDs suggests
that an unseen WD companion to either component of
HS 2220+2146 would have to be more massive than the
observed WD. Such an unresolved binary would have
a mass substantially above the Chandrasekhar limit.
Despite dedicated search programs (e.g., SPY; Koester
et al. 2009), the first super-Chandrasekhar DWD to
merge within a Hubble time was only recently identified
(Santander-García et al. 2015), and we therefore consider
it a priori unlikely for HS 2220 to be a triple WD system.
Nevertheless, to test this possibility, we obtained ad-
ditional spectra of HS2220 with the Fred Lawrence
Whipple Observatory (FLWO) 1.5-m telescope in queue-
scheduled time in 2015 Jul and Oct. We used the FAST
long-slit spectrograph (Fabricant et al. 1998) with the
600 line mm−1 grating and a 1.′′5 slit, providing wave-
length coverage 3500 Å to 5500 Å and a spectral resolu-
tion of 1.7 Å. We rotated the slit to observe both WDs si-
multaneously, using the atmospheric dispersion corrector
to maintain flux calibration. Exposure times were chosen
to yield a signal-to-noise (S/N) ratio of 40 per resolution
element; all observations were paired with comparison
lamp exposures for accurate wavelength calibration.
We maximized our sensitivity to radial velocity (RV)
variability with the following approach. We used the
cross-correlation package RVSAO to measure RVs from
the full spectra (Kurtz & Mink 1998), starting with
a high S/N WD template to measure absolute veloc-
10 In Andrews et al. (2015), we identified a third candidate triple
WD system, PG 0901+140.
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Fig. 3.— The top panel shows RVs for HS 2220A (blue circles)
and B (red triangles) calculated from the follow-up spectra taken
with the FLWO 1.5-m. A positive RV corresponds to an object
moving away from Earth. There is no apparent RV variation due
to a hidden binary companion. HS 2220B has a larger average RV
(red dashed line) than its companion (blue dashed line) because
its larger mass causes a larger gravitational redshift. The apparent
RV difference provides a consistency check for our spectroscopic
solutions. The scatter in the first two data points taken on 2015
Jul 12 are due to a different CCD binning, which also prevented
the fainter WD, HS 2220A, from being observed. The bottom
two panels show Lomb-Scargle periodograms for both WDs. The
dashed lines indicate the detection threshold at the 95% confidence
level; there are no significant periodic signals in the RV for either
WD.
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Fig. 4.— The solid line in each panel shows the RV constraint
at the 95% confidence level; for a particular orbital period, RVs
above the line are ruled out. Assuming the limiting case that the
unseen companion is a WD with a mass of 0.05 M larger than
the observed WD, we can determine the observed orbital veloci-
ties as a function of inclination angle. For nearly edge-on orbits
(i & 60◦), orbital periods below ∼12 hours are ruled out for both
WDs, however RVs are insensitive to an unseen companion if the
inclination angle is sufficiently low.
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ities. We then shifted the individual spectra to rest-
frame, summed them together to create templates of each
WD, and cross-correlated the individual spectra with the
summed templates. The resulting precision is typically
±20 km s−1, limited by the large Balmer lines of these
log g ≈ 8 WDs.
We show the RV measurements and the mean radial
velocity (horizontal dashed lines) in Figure 3. We find
no evidence for significant RV variation in either WD;
reduced χ2 values around the mean are 0.92 and 1.10
for HS 2220A and HS 2220B, respectively. The bottom
two panels of Figure 3 show Lomb-Scargle periodograms
for both WDs over the expected orbital period range for
close compact object binaries.11 The dashed line in each
of these panels shows a detection at the 95% level, calcu-
lated using a bootstrap method. There are no significant
periodic signals in the RV curves for either WD.
The periodograms only determine the strength of any
periodic signal. In Figure 4, we show the possibility that
an orbit with a particular period and RV semi-amplitude
could remain unobserved by our RV observations. To de-
termine these constraints, for each orbital period and RV
semi-amplitude pair in a grid spanning the range plot-
ted,12 we use an optimization algorithm to find the best
fit phase and velocity offset that minimizes the χ2 statis-
tic when compared to the RV observations. If the re-
sulting minimum χ2 value is above a certain threshold
for n − 2 degrees of freedom, where n is the number of
observations, then no orbit with the input period and
RV semi-amplitude can satisfy the data. In both pan-
els of Figure 4 the lines show the RV constraints at the
95% confidence level for a given orbital period; velocities
above the line are inconsistent with the RV data.
We can convert the RV constraints to limits on binary
orbits with a potential companion. In the limiting case,
an unseen WD companion will have a mass just larger
than the observed WD so that it produces the small-
est RV variations while still avoids detection in our high
resolution VLT spectra. For these putative hidden com-
panions, we adopt masses of 0.05 M larger than the
observed WD. For the given masses and orbital period,
the resulting RV semi-amplitude then depends solely on
the inclination angle. The dashed lines in Figure 4 show
how orbits with inclination angles of 30◦, 60◦, and 90◦
compare with constraints from our RV data. For orbital
periods below ∼12 hours, nearly edge-on orbits (i & 60◦)
are ruled out for both WDs, however longer period orbits
could escape detection. Orbits with a sufficiently small
inclination angle can escape detection if the resulting RV
semi-amplitude is near the ∼20 km s−1 uncertainties on
the RV measurements.
The dashed lines in Figure 3 show the average apparent
RV of each WD, which we provide along with the derived
uncertainty in Table 2. Interestingly, HS 2220B has an
apparent RV 18.5±8.2 km s−1 greater than that of its
companion. If the system is indeed a wide associated
binary, the two WDs must have the same physical RV;
11 These periodograms and the 95% confidence levels were gen-
erated using routines from the astroML module (Vanderplas et al.
2012).
12 We choose the range based on other close compact object
binary populations such as the ELM WD sample (e.g., Brown et al.
2016) and the sample of post-common envelope binaries in SDSS
(Nebot Gómez-Morán et al. 2011).
the apparent difference must be due to WDs’ different
gravitational redshifts.
From our spectroscopically determinedMWD measure-
ment for each WD, we interpolate between the WDmass-
radius tables from Wood (1995) to obtain the WD radii.
The gravitational redshift from the WDs’ masses and
radii (RWD) are:
vgrav =
G MWD
RWD c
. (1)
The contribution to the apparent RV from this redshift
is included in Table 2.
These calculations provide an additional, independent
consistency check on the spectroscopic results in Table 1:
the difference in the gravitational redshifts matches the
observed RV difference.
From the MWD derived from our spectral models for
each star, we can determine the progenitor’s zero-age
main-sequence (ZAMS) mass (MZAMS) by applying an
initial-final mass relation (IFMR). Using samples from
the posterior distribution of IFMRs from Andrews et al.
(2015), we find that HS 2220A evolved from a 3.3+0.3−0.2 M
MS star. Uncertainties indicate the 68% confidence level.
We run a suite of stellar evolution models using MESA13
(Paxton et al. 2011, 2013) and find that this star had
a lifetime of 360+90−80 Myr.14 Using the Andrews et al.
(2015) IFMR again, we determine that HS 2220B came
from a 4.5+0.4−0.5 M MS star. Our MESA models indicate
this star had a lifetime of 150+60−30 Myr. Table 2 shows
our estimates for the derived MS masses and stellar life-
times. The derived stellar lifetimes, combined with the
WD cooling ages, leads to an overall age difference of
≈320 Myr between the two WDs.
3. IS ACCRETION RESPONSIBLE FOR ALTERING THE
EVOLUTIONARY HISTORY OF HS 2220?
We wish to examine whether HS 2220 could have
evolved from a primordial binary in which mass trans-
fer either delayed the evolution of the primary or caused
it to appear younger than its true age.
3.1. Constraining the Likely Mode of Mass Accretion in
HS 2220’s Putative Binary Progenitor
We begin by using HS 2220’s current projected sepa-
ration of 470 AU to infer the orbital separation, a, dur-
ing previous evolutionary states. For a widely separated
binary, mass lost can be assumed to carry the specific
angular momentum of the mass-losing star. This is the
so-called Jeans mode mass loss: orbital eccentricity does
not change secularly, and a(M1 + M2) is a conserved
quantity (Hadjidemetriou 1963). This is an approxima-
tion that ignores any interaction between the stellar wind
and either of the stars. Interactions with the wind will
tend to counteract orbital expansion due to mass loss
(Theuns et al. 1996; Hurley et al. 2002); the orbital sep-
arations derived by the Jeans approximation may be un-
derestimated.
If we take the current projected separation as a lower
limit on a, we can estimate the orbital separation of the
outer binary at birth to have been &90 AU, expanding to
13 http://mesa.sourceforge.net
14 For details about our MESA models, see Andrews et al. (2015).
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at least 170 AU after the 4.5M star became a WD. The
true orbital separation was likely somewhat larger due
to the unknown inclination and phase of the orbit (Fis-
cher & Marcy 1992). For these masses and separations,
the Roche lobe radii (RL) are dozens of AU, while the
maximum asymptotic giant branch (AGB) stellar radii
(R?) are only a few AU. a was therefore large enough
throughout this system’s lifetime that neither star would
have overfilled its Roche lobe as an AGB star.
However, either star could have accreted mass from
winds generated while the other was on the AGB. When
the first star evolved into a WD, could enough mass have
been accreted by its MS companion to affect that star’s
mass and/or evolutionary timescale? When the second
star, in turn, evolved into a WD, did enough of its mass
accrete onto the now-formed WD companion to affect its
log g and Teff?
Wind mass loss of AGB stars is thought to occur in
two stages (see Vassiliadis & Wood 1993, and references
therein). First, pulsations on the AGB give rise to a
low-velocity wind, which is slowed by gravity as it ex-
pands and cools. When the wind temperature decreases
sufficiently, dust grains condense (at ≈1000 K for sili-
cates and ≈1500 K for amorphous carbon grains; Höfner
2009). With their increased opacity, dust grains drive a
second stage: radiation pressure impacts the dust grains,
which are coupled to the surrounding gas, and the wind
is quickly accelerated away from the star.
In a binary, the AGB’s companion can change this pic-
ture. Mohamed & Podsiadlowski (2007) showed that a
detached companion at a ∼ tens of AU could gravitation-
ally focus the wind of an AGB star before it is acceler-
ated by radiation pressure, a process termed Wind Roche
Lobe Overflow (WRLOF; see also Mohamed & Podsiad-
lowski 2012). Abate et al. (2013) suggested that WRLOF
occurs when the dust formation radius, Rc, is a signifi-
cant fraction of the donor star’s RL. Specifically, these
authors found that when Rc > 0.4 RL, the accretion rate,
M˙acc, is enhanced with respect to the canonical Bondi-
Hoyle-Littleton (BHL) M˙acc, while for Rc < 0.4 RL, the
accretion rate is well approximated by the BHL M˙acc.
Höfner (2009) argued that silicates and amorphous car-
bon grains both typically have Rc ≈ 2− 3 R?.15 Recent
observations of M-type AGB stars using mid-infrared
interferometry seem to agree, showing Rc/R? ≈ 2 for
Al2O3 and Rc/R? ≈ 4 for silicates (Karovicova et al.
2013). Additionally, Olofsson et al. (2002) and González
Delgado et al. (2003) find that they can reasonably ap-
proximate the transition line profiles of CO and SiO in
several dozen AGB stars using a constant wind velocity
model for distances greater than a few R?.
In our MESA simulations, we find that a 4 M star
reaches a maximum R? ≈ 2.7 AU, while the potential
donor star has RL ≈ 35 AU, assuming an orbital sepa-
ration of 90 AU. For all subsequent evolution, the sys-
tem’s separation, and hence RL, is even larger. WRLOF
is therefore unlikely to have operated in HS 2220, and
M˙acc should be well approximated by the BHL rate.
15 Rc may be somewhat larger for silicates when there is signif-
icant iron present.
3.2. Estimating the Bondi-Hoyle-Littleton Accretion in
HS 2220’s Putative Binary Progenitor
BHL accretion assumes a companion accreting mass
from a plane-parallel wind with a constant velocity. We
begin by determining the Bondi radius:
racc =
2GM2
v2wind + v2orb
, (2)
where we combine the AGB wind velocity, vwind, and the
orbital velocity, vorb, to determine the relative velocity
between the wind and the accretor, and M2 is the mass
of the accretor. A wind speed of 10 km s−1 is typical
(González Delgado et al. 2003), and M2 and vorb depend
on the specifics of the binary in question.
3.2.1. Accretion while we have a AGB + MS binary
We first consider the evolution of the 4.5M outer star
into a 0.837M WD, with the 3.3M MS companion as
the accretor at a separation of ≈90 AU. For this binary,
Equation 2 indicates racc ≈ 33 AU.
If ∆Mdonor = MZAMS −MWD ≈ 3.7 M is the mass
lost by the AGB star as it becomes a WD, we can esti-
mate how much is accreted by the MS star in the plane
parallel limit by determining the fraction of the sky sub-
tended by the MS star’s racc given the binary separation
a. In the limiting case, all the mass that falls within the
Bondi radius is accreted:
Macc≈ pir
2
acc
4pia2 ∆Mdonor (3)
≈1.3× 10−1
( racc
33 AU
)2 ( a
90 AU
)−2(∆Mdonor
3.7 M
)
M.
Here, the Bondi radius is a significant portion of the or-
bital separation, and the plane parallel assumption may
not be appropriate, since the effect of the Roche poten-
tial may need to be taken into account. This is equiv-
alent to the “fast wind" assumption (vwind/vorb >> 1)
no longer being valid. However, using three-dimensional
smoothed particle hydrodynamics (SPH), Theuns et al.
(1996) show that in a close binary when vwind and vorb
are of the same order, the BH rate significantly overes-
timates the accretion rate. Later simulations by Mas-
trodemos & Morris (1999) of dust-driven AGB winds in
wide, detached binaries also find that BH-derived accre-
tion rates are overestimates. We therefore consider the
accretion mass given by Equation 3 a conservative upper
limit.
Even if we make the assumption that all the mass
falling within racc is accreted, this is only ≈0.1M. The
addition of so much mass alters the MS star’s lifetime by
only ≈20 Myr, far from enough to explain the ≈320 Myr
age discrepancy in HS 2220.
3.2.2. Accretion while we have a WD + AGB binary
Next, we consider the evolution of the 3.3M star into
a 0.702M WD, with the 0.837M WD as the accretor.
Using Equation 2, we determine that racc ≈ 12 AU for
the WD; in this case ∆Mdonor ≈ 2.6 M. With a now
170 AU, we can determine the amount of mass accreted
by the WD using Equation 3:
Macc ≈ 3×10−3
( racc
12 AU
)2 ( a
170 AU
)−2(∆Mdonor
2.6 M
)
M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Fig. 5.— Our proposed formation scenario for HS 2220. The
inner binary in a hierarchical triple system merged, forming a blue
straggler. The two remaining stars then evolved independently,
forming the WDs observed today. The timeline is inferred by work-
ing backward from the observed WD τcool and stellar lifetimes as-
sumed for the WD progenitors. These are only rough time steps,
rounded to the nearest 25 Myr.
Due to its strong dependence on a, which we esti-
mated from the observed projected physical separation,
thisMacc is an order of magnitude estimate at best. Still,
even as little as 10−5 M of hydrogen accreted onto a
WD is enough to induce hydrogen burning (e.g., Nomoto
et al. 2007; Wolf et al. 2013). A detailed discussion of
this particular evolutionary phase is outside the scope of
this work, but for the purposes of this analysis, we note
that such nuclear burning would temporarily increase the
WD’s Teff but leave its mass largely unaffected.
Although the increased Teff leads to a reduced τcool, it
cannot completely account for the cooling age discrep-
ancy we observe in HS 2220. In the limiting case, a nova
(or series of nova outbursts) efficiently heat the WD to
several 105 K (Cunningham et al. 2015), similar to the
birth temperature of a WD. However, the WD’s cooling
tracks remain essentially unchanged, and the two WDs
would have roughly the same τcool. To recreate the τcool
difference observed in HS 2220, the 0.837M WD would
have to be steadily burning material for 108 yr, which is
significantly longer than the 104 to 105 yr lifetimes of
planetary nebulae (Badenes et al. 2015).
Given the several conservative assumptions used to de-
rive this accreted mass, it is possible that the system
never underwent hydrogen burning. But even if hydrogen
fusion did occur, our conclusion that the more massive
WD is the younger one in the pair remains unaffected.
4. POSSIBLE FORMATION SCENARIOS
A star’s evolution can be delayed if it results from the
merging of two MS stars. Indeed, this scenario is one
evolutionary channel that may explain the blue strag-
gler phenomenon (Hills & Day 1976). Simulations have
shown that two merging MS stars mix, creating a higher-
mass, rejuvenated merger product with a delayed evolu-
tion (Glebbeek et al. 2008). Depending on the initial
configuration, however, a binary may not merge until
later in its evolution after one or both of the stars have
evolved off the MS. In this scenario, the merger leads to a
more massive WD than expected from single-star evolu-
tion. We first briefly discuss the possibility of an evolved
stellar merger forming HS 2220B before returning to the
scenario involving the merger of two MS stars.
4.1. Merger of an evolved pair
As the more massive star in a binary evolves off the
MS into a giant, its radial expansion may lead to Roche
lobe overflow. If unstable, the ensuing mass transfer may
lead to a merger in a common envelope (for a review, see
Ivanova et al. 2013). Since the star has already left the
MS, and therefore lived ≈90% of its total lifetime, this
merger does not significantly change the length of its
life. Therefore, for a stellar merger to have led to the
formation of HS 2220B in the derived time of ≈475 Myr,
the primary must be ≈3 M; any more massive and the
star will evolve off the MS too soon, ultimately forming
a WD too quickly to explain HS 2220B.
Upon merger, the helium core of an evolved primary
remains largely unaffected and its companion is absorbed
into the stellar envelope (cf. discussion in Hurley et al.
2002). Such a merger can extend the AGB phase, since
the substantially more massive H-envelope takes longer
to be expelled in the stellar wind. Although insignificant
compared to the overall lifetime, this extended phase can,
in principle, allow the AGB core to grow.
Estimating this growth is not straightforward: while
the core can grow between pulses during the thermally
pulsing AGB phase, dredge-up during the pulses can
erode it, removing part or all of that added mass (Marigo
et al. 2013). The BaSTI stellar evolution models calcu-
late that a 3 M star will produce a CO-core mass of
0.509 M and a He-core mass of 0.536 M at the first
thermal pulse (Pietrinferni et al. 2004, 2006).16 This core
would need to grow ≈0.3 M during the thermally puls-
ing AGB phase to ultimately produce a system similar
to HS 2220.
Clearly, determining the amount of core growth on the
AGB requires detailed modeling. However, even state-
of-the-art models depend on assumptions about physics
during the AGB phase, in particular prescriptions for
dredge-up, convective overshooting, and the stellar wind
mass-loss rate (Herwig 2000). For instance, Weiss & Fer-
guson (2009) use an efficient prescription for dredge-up
and find that stars typically gain only a few 0.01 M on
the AGB phase. Even simulations that allow for substan-
tial mass growth on the AGB typically show an increase
of no more than ≈0.1 M (Kalirai et al. 2014).
A variation of this scenario may occur if the two stars
have similar masses and merge while both stars are gi-
ants. In this case, the stellar cores may merge, essen-
tially doubling the He-core mass. Using the results from
Pietrinferni et al. (2006), the merger of two evolved 3M
stars would produce a star with a He-core similar to that
of a 5.5 M star. Such a star would normally produce a
16 These masses are reported for BaSTI models using scaled solar
abundances, without overshoot, a metallicity of Z = 0.0198, and
Reimers parameter η = 0.4. Variations on these model parameters
all produce core masses within 0.1 M.
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WD more massive than HS 2220B, although here again
the AGB evolution may be different for stellar mergers.
If this scenario is viable, it requires some fine tuning: the
two stars must both be ≈3 M, and the orbital separa-
tion must be large enough that the merger occurs after
both stars have evolved off the MS, but not so large that
the merger expels the hydrogen envelope before the cores
have coalesced.
Detailed stellar evolution simulations, with particular
focus on evolution during the AGB phase, are required
to determine if a post-MS binary could have formed HS
2220B. While such simulations are outside the scope of
this work, we consider a formation scenario involving
the merger of a post-MS primary disfavored due to the
amount of core growth needed for a MS secondary and
the fine-tuning needed for a post-MS secondary.
4.2. Merger of two MS stars
In our preferred scenario, shown in Figure 5, HS 2220
began as a hierarchical triple system. While all three
stars were still on the MS, the inner binary merged (pos-
sibly due to tidal dissipation or dynamical interaction
with the outer binary which we discuss further in Sec-
tion 4.3), forming a blue straggler. The result of such a
merger would be a wide binary composed of the merger
product and a MS star. This outer, now less massive,
star evolved first into the 0.702 M WD, HS 2220A, and
later the blue straggler evolved into the 0.837 M WD,
HS 2220B.
Our spectroscopic analysis provided us with τcool, the
time since each star became a WD, and MWD, which we
combined with an IFMR and a stellar lifetime function
to determine the stars’ pre-WD lifetimes. Our MESA sim-
ulations indicate that the MZAMS = 3.3 M progenitor
of HS 2220A had a pre-WD lifetime of 360 Myr. Since it
evolved independently, this star sets the age of HS 2220
at ≈650 Myr.
By calculating the lifetime of the 4.5 M blue strag-
gler, we can determine how long after formation the inner
binary merged. Our MESA simulations show that a 4.5
M star has a pre-WD lifetime of ≈150 Myr (135 Myr
on the MS and 15 Myr in post-MS evolution), which
would indicate that the inner binary in the hierarchical
triple merged ≈325 Myr after the system’s formation.
However, since its progenitors had already been burning
hydrogen for hundreds of Myr, the merger product had
a somewhat shorter lifetime than a MZAMS = 4.5 M
star. Calculating the appropriate lifetime for a merger
product depends on the individual masses of the pro-
genitors and what fraction of their lifetimes they have
been burning hydrogen. During the merger, up to a few
percent of the total binary mass is lost (Lombardi et al.
2002). The 4.5 M progenitor of HS 2220B would have
begun as a binary with a total mass closer to 4.8 M.
For demonstrative purposes, we will assume the binary
was composed of two stars of 2.4 M each.
We use our pre-merger time estimate of 325 Myr as a
starting point. For two merging 2.4 M stars that have
been already burning hydrogen for 325 Myr (roughly
half their expected MS lifetimes), the merger product is
born already ≈20% through its MS evolution (Glebbeek
& Pols 2008). This means that the progenitor of HS
2220B existed for ≈125 Myr after the merger and before
it became a WD. When we include this in our formation
scenario, we find that the inner binary survived roughly
350 Myr before merging. We suggest that it is coinci-
dental that this time matches the pre-WD lifetime for
HS 2220A, since these times are only approximate and
the two stars should be independently evolving.
Although the scenario outlined in Figure 5 is robust
to different choices of stellar lifetime function or IFMR,
the timeline is suggestive, and we therefore rounded the
time steps to the nearest 25 Myr.
4.3. The role of Kozai-Lidov oscillations
When the orbits have a sufficiently large mutual in-
clination, KL oscillations cause a secular exchange of
angular momentum between the inner and outer binary
in hierarchical triple systems (Kozai 1962; Lidov 1962).
Perets & Fabrycky (2009) showed that KL oscillations,
when combined with tidal dissipation and magnetic brak-
ing, are one evolutionary channel for forming blue strag-
glers. In particular, these authors suggested that mas-
sive, luminous blue stragglers in the field may have mas-
sive companions that have evolved into WDs in wide or-
bits with long KL timescales.
Naoz & Fabrycky (2014) found that expanding the KL
equations to the octopolar term (the eccentric KL mech-
anism) led to instabilities in KL oscillations that could
cause the inner binary to merge; magnetic braking is not
needed (for a review, see Naoz 2016). Specifically, Naoz
& Fabrycky (2014) find that the eccentric KL mechanism
forms blue stragglers in binaries with a Porb distribution
that peaks at ≈ 105 days (see their Figure 8). This cor-
responds to a separation of ≈100 AU, in agreement with
the post-merger separation we estimate in Section 5.
Since wide binaries at these separations are stable for
Gyr against disruption by the Galactic tide and external
perturbers (Jiang & Tremaine 2010), it seems inevitable
that sufficiently massive blue stragglers in such systems
would evolve into wide DWDs. Using the timeline and
evolutionary scenario shown in Figure 5, we examine
whether HS 2220 could have formed in such a manner.
If we assume that HS 2220 was formed through KL
oscillations, we can set a lower limit on the separation of
the inner binary: the quadrupolar timescale for KL os-
cillations (tquad) must be shorter than the inner binary’s
timescale for GR precession (t1,GR). These timescales
are provided by Naoz et al. (2013):
tquad≈2pi
a32(1− e22)3/2
√
M1,a +M1,b
a
3/2
1 M2
√
G
, (4)
t1,GR≈2pi a
5/2
1 c
2(1− e21)
3G3/2(M1,a +M1,b)3/2
, (5)
where c is the speed of light, a1 and e1 are the orbital sep-
aration and eccentricity of the inner binary, respectively,
and a2 and e2 are the orbital separation and eccentricity
for the outer binary. Since tquad < t1,GR, we obtain:
a41 >
3a32G
c2
(1− e22)3/2
1− e21
(M1,a +M1,b)2
M2
. (6)
We can set an upper limit on a1 by noting that a widely
separated inner binary is unstable on a short timescale.
We use the constraint from Naoz & Fabrycky (2014) that
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Fig. 6.— a1 as a function of a2 for HS 2220’s progenitor sys-
tem. The lower limit on a1 comes from the requirement that KL
oscillations must occur on a shorter timescale than the inner or-
bit’s GR precession. The upper limit reflects the requirement that
HS 2220’s progenitor begin in a stable configuration. The exact
region set by these constraints depends somewhat on e1 and e2;
we adopted e1 = 0.0 and e2 = 0.3. For an outer binary separation
of 100 AU, the inner binary must have started with a separation
of a few to tens of AU. Dashed lines show lines of constant tquad.
a stable system must have  < 0.1, where:
 = a1
a2
e2
1− e22
. (7)
Figure 6 shows the resulting allowed region of param-
eter space for a1 and a2. a1 must have had a separation
of a few to tens of AU (we have assumed that e1 = 0
and e2 = 0.3). GR precession impedes KL oscillations
for smaller values of a1, and the triple is not stable on
short times for larger a1. We also show lines of con-
stant quadrupolar timescale; for an initial binary with
a1 ∼ AU and a2 = 100 AU, the binary had a quadrupo-
lar timescale of ∼0.1 Myr.
In their parameter space study, Naoz & Fabrycky
(2014) found that the inner binaries of hierarchical triple
stars tended to merge in ≈4% of systems, and within
5−100 tquad. Combining the adopted tquad of 0.1 Myr
with a merger time of 350 Myr, we find that the progen-
itor of HS 2220 would have merged after a few 102−103
quadrupolar timescales, significantly longer than what
was found by Naoz & Fabrycky (2014). However, if the
outer binary had an initial separation closer to 250 AU,
the system could have had a tquad of a few Myr, in agree-
ment with the Naoz & Fabrycky (2014) prediction.
The evolution of the progenitor of HS 2220 could
be further complicated if a1 were a few AU at birth:
Naoz et al. (2013) demonstrated that in systems with
tquad ≈ t1,GR, a resonance-like behavior between KL os-
cillations and GR precession is possible. A complete un-
derstanding of such an interaction and its applicability to
the progenitor of HS 2220 would require detailed dynam-
ical evolution simulations which are outside the scope of
this work. Nevertheless, Figure 6 shows that there is a
large range of parameter space in which a triple system
could have been affected by KL oscillations, ultimately
leading to a wide DWD binary similar to HS 2220.
4.4. Caveats
Our analysis depends on determining MZAMS for the
progenitors of the WDs in HS 2220. We used the IFMR
from Andrews et al. (2015), which is calibrated to wide
DWDs with 2 M ≤ MZAMS ≤ 4 M. If instead, we
use the Williams et al. (2009) IFMR, the two WDs have
somewhat lower MZAMS, and hence longer pre-WD life-
times, resulting in an overall system age of 875 Myr.
The qualitative evolution of the system, however, is un-
affected.
The pre-WD lifetime of the blue straggler depends on
a number of unknowns. We do not know how much mass
was lost in the merger and therefore do not know the to-
tal mass of the inner binary at formation. Nor do we
know if the inner binary contained roughly equal mass
components, as we assumed, or had a smaller mass ra-
tio, which would decrease the blue straggler’s lifetime
(Glebbeek & Pols 2008). Furthermore, given its altered
composition and increased rotation, it is not clear that a
blue straggler follows the same IFMR as single stars.
Finally, both the amount of mass lost in the merger
and the blue straggler’s lifetime are dependent on the
details of the merger. Glebbeek & Pols (2008) assumed a
head-on collision; however, in their SPH simulations, Sills
et al. (2005) showed that the high angular momentum of
a blue straggler formed from a somewhat oblique stellar
merger will induce mixing, extending the lifetime relative
to the head-on case. The timeline in Figure 5 should
therefore be considered demonstrative only, and we have
not included uncertainties on the time steps.
5. DISCUSSION AND CONCLUSIONS
HS 2220+2146 is a wide DWD in which the more mas-
sive WD is the younger WD in the pair, contradicting
the standard expectation of stellar evolution theory.17
Multiband photometry and a lack of RV variations rule
out the possibility of an unseen companion in the system,
and the binary is too widely separated to have had any
prior mass accretion that could account for the observed
MWD and τcool discrepancy.
To explain the peculiar characteristics of this system,
we suggest that HS 2220 went through an alternative
evolutionary channel for a DWD in which it formed as a
triple system. The inner binary then merged to create a
blue straggler in a wide binary, a process that could have
been mediated by KL oscillations. When we reconstruct
the evolutionary history of HS 2220, we find that there
is a large region of parameter space in which KL oscilla-
tions are active. An inner binary initially separated by
∼10 AU may have merged after a few 103 − 104 tquad,
a somewhat longer timescale for the merger than that
obtained in simulations by Naoz & Fabrycky (2014). Al-
ternatively, for inner separations closer to 1 AU, the in-
ner binary’s merger may have involved a resonance-like
interaction between KL oscillations and GR precession.
KL oscillations, combined with dissipation, have al-
ready been demonstrated to lead to the observed ex-
17 The more massive WD in the DWD SDSS J1257+5428
(Badenes et al. 2009; Marsh et al. 2011) was shown to have a
smaller τcool than its companion (Bours et al. 2015). However,
its relatively short Porb = 4.6 hr indicates that the two WDs al-
most certainly interacted in the past, and it is not clear that this
system followed, even qualitatively, a similar evolutionary pathway
to HS 2220’s.
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cess of hierarchical triple systems with an inner binary
Porb <∼ 7 days (Tokovinin & Smekhov 2002; Tokovinin
et al. 2006; Fabrycky & Tremaine 2007). A fraction
of the inner binaries in triples can merge, forming blue
stragglers in wide binaries, when either dissipation due
to magnetic braking (Perets & Fabrycky 2009) or higher
order terms in the KL equations (Naoz & Fabrycky 2014)
are included. Sufficiently massive wide binaries will then
evolve into DWDs, and since the blue straggler has a
longer stellar lifetime than its mass would suggest, the
two WDs will have an age discrepancy similar to the
one observed in HS 2220. Although on-going studies of
binary evolution may reveal other, exotic evolutionary
channels that can form HS 2220, our proposed scenario
naturally explains the observations of the system.
HS 2220 is not the first WD binary suggested to have
formed from a triple system. The WD in the eclipsing
WD+dK2 binary V471 Tauri is the most massive known
in the Hyades open cluster, but is also the hottest and
youngest. O’Brien et al. (2001) suggested that it is the
end product of a blue straggler star that formed from
the merger of the inner binary in a hierarchical triple. In
their paradigm, however, the outer star was close enough
to the inner binary that when the blue straggler evolved
into a giant, the system underwent a common envelope,
and the orbit shrank to the present 12.5 hr period. V471
Tauri could be the end result of one triple system evolu-
tionary channel; compared to the progenitor of HS 2220,
V471 Tauri formed from a lower-mass, outer companion
in a tighter orbit.
In the opposite regime, triple systems in which the in-
ner binary is wider may never merge but still completely
evolve into WDs. The Sanduleak A/B system (Maxted
et al. 2000) and G 21-15 (Farihi et al. 2005) are two
examples of spectroscopically confirmed triple WD sys-
tems that may have formed through this evolutionary
pathway. These systems are composed of spectroscopic
DWD binaries with common proper motion companions.
Considering their hierarchical nature, and depending on
the unknown mutual inclination between the two orbital
planes, it is possible that these systems, too, were ef-
fected by KL oscillations.
The WD systems V471 Tauri, Sanduleak A/B, G 21-
15, and HS 2220+2146 are evidence for a still largely
unexplored variety of higher-order evolutionary channels
forming stellar remnants. These systems may represent
the vanguard of large populations of triple systems: sev-
eral authors have demonstrated that spectroscopic bina-
ries have a high likelihood of containing a tertiary com-
panion (e.g., Tokovinin et al. 2006), and Raghavan et al.
(2010) reported that some 10% of nearby solar-type stars
are in triple or higher-order systems.
Binary evolution studies, particularly with respect to
compact objects, have traditionally ignored the complex-
ities introduced by a third companion. However, consid-
ering the ubiquity of triple systems in the nearby Galac-
tic neighborhood, it may not be safe to ignore the effect
of a wide companion on a close binary, particularly with
respect to rare astrophysical phenomena (e.g., for a dis-
cussion of how WD triples may be an important type Ia
supernova progenitor, see Kushnir et al. 2013).
Regardless of the application, gaining a better under-
standing of KL oscillations is important. HS 2220 pro-
vides a unique setting for advancing toward this goal
because we can estimate the merger time of the inner
binary. This system, and others like it that are not yet
identified, may provide new observations with which to
compare simulations.
We were confident that HS 2220 was a curious sys-
tem because of the quality of our spectra. Although
this DWD is relatively nearby, these spectra did require
large-diameter telescopes. In Andrews et al. (2015), we
identified five other candidate DWDs in which the more
massive WD may be the younger one. In all those cases,
higher S/N spectra are needed to confirm the discrepan-
cies in the fitted τcool values. Even if these systems prove
to have formed through a standard binary channel, it is
likely that more WD systems with complicated evolu-
tionary histories exist in our Galactic neighborhood.
However, had HS 2220 formed 1 Gyr earlier, we likely
would not have been able to identify the two WDs as
having different ages: the τcool uncertainties would have
been too large. In searching for more of these discrepant
systems, one should therefore focus on nearby, hot wide
DWDs. The upcoming Gaia data are expected to con-
tain∼ 105−106 newWDs with proper motions (Carrasco
et al. 2014). Combining the temperatures and astromet-
ric distances obtained from Gaia’s observations with a
WD mass-radius relation will result in a mass and age
estimate for every one of these WDs. Identifying popula-
tions of wide DWDs in which the more massive WD is the
younger may therefore be possible without spectroscopic
follow up of every DWD.
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